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DESCRIPTION 

RADIO CO^fCJMXCATlONS SYSTEM AMD CONTROL APPARATUS 

5 

Technical Field 
The present invention relates to a radio communications 
system (a multicast communications system) for transmitting 
same data to a plurality of cells via one or a plurality of base 
10 stations, and performing a soft combining or a selective 

combining on same data received by a mobile station, and a 
control apparatus . 



15 Background Art; 

In a conventional radio communications system, a "UL/DL 
Node Synchronization" function is known as a technique for 
measuring a transmission delay between a radio network 
controller and a base station (an uplink transmission delay and 
20 downlink transmission delay) . 

Referring to FIG . 1, the "UL/DL Node Synchronization" 
function will be explained. 

First, as shown in FIG. 1, the radio network controller 
transmits a DL node synchronization signal to the base station 
25 which manages each cell at a transmission time Tl, when the base 
station starts or restarts. Here, the DL node synchronization 
signal includes information of the above mentioned transmission 
time Tl. 

Second, the base station receives the DL node 
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synchronization signal at a reception time T2 . In the other 
words, the DL node synchronization signal transmitted from the 
radio network controller reaches the base station with a 
transmission delay (T2 - Tl) . 
5 Third, the base station transmits an UL node 

synchronization signal including information showing the 
reception time T2 and a transmission time T3, to the radio 
network controller at the transmission time T3 . 

Fourth, the radio network controller measures a 
10 transmission delay between the radio network controller and the 
base station (an uplink transmission delay and downlink 
transmission delay) in accordance with the times Tl, T2, T3 and 
T4. 

Note that the radio network controller and the base 
15 station are configured to repeat the above processing at a fixed 
cycle, in the "UL/DL Node Synchronization" function of the 
conventional radio communications system. 

Generally, in the multicast communications system, 
whether or not the mobile station can perform the soft combining 
20 or the selective combining depends on a transmission timing 
difference of same data among a plurality of cells. 

However, in the conventional radio communications system, 
the radio network controller is only configured to control the 
transmission timing, by measuring the transmission delay 
25 between the radio network controller and the base station. 
Therefore, a problem often arises where the mobile station 
cannot perform the soft combining or the selective combining, 
since the transmission timing difference of the same data among 
the plurality of cells increases during the above multicast 
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communications . 

(Non-Patent literature 1) 3GPP TS25. 402 v5 . 1 . 0 Synchronization 
in UTRAN Stage 2 2002 . 6 

In viewing of the foregoing, it is an object of the present 
5 invention to provide a radio communications system and a control 
apparatus which can improve a reception quality of mobile 
stations and utilize radio resources effectively, by resolving 
the problem caused when the conventional radio communications 
system performs multicast communications . 

10 

Disclosure of Invention 
A first aspect of the present invention is summarized as 
a radio communications system for transmitting same data to a 

15 plurality of cells via at least one base station, and performing 
a soft combining or a selective combining for the same data 
received by a mobile station. The radio communications system 
includes a transmission timing synchronization controlling 
unit configured to set up a cycle at which synchronization 

20 processing on transmission timing of the same data among the 
plurality of cells is performed, or an accuracy by which the 
synchronization processing is performed, for each control 
apparatus which performs the synchronization processing. 

The invention can adjust a transmission timing difference 

25 among a plurality of cells, improve a reception quality of 
mobile stations and utilize radio resources effectively, by 
setting up the cycle at which the synchronization processing 
is performed, or the accuracy by which the synchronization 
processing is performed, for each control apparatus which 
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performs the synchronization processing. 

In the first aspect, the radio communications system can 
further include a cell information managing unit configured to 
manage a base station, a radio network controller and a core 
5 network node which manages each of the plurality of cells. The 
transmission timing synchronization controlling unit of a base 
station can be configured to perform the synchronization 
processing by a first accuracy at a first cycle, when all of 
the plurality of cells is managed by the base station. The 
10 transmission timing synchronization controlling unit of a radio 
network controller can be configured to perform the 
synchronization processing by a second accuracy at a second 
cycle, when all of the plurality of cells is managed by the radio 
network controller. 
15 a second aspect of the present invention is summarized 

as a control apparatus used in a radio communications system 
for transmitting same data to a plurality of cells via at least 
one base station, and performing a soft combining or a selective 
combining on the same data received by a mobile station. The 
20 control apparatus includes a transmission timing 
synchronization controlling unit configured to set up a cycle 
at which synchronization processing on transmission timing of 
the same data among the plurality of cells is performed, or an 
accuracy by which the synchronization processing is performed, 
25 for each control apparatus which performs the synchronization 
processing. 

In the second aspect, the control apparatus can further 
include a cell information managing unit configured to manage 
a base station, a radio network controller and a core network 
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node which manages each of the plurality of cells . The 
transmission timing synchronization controlling unit of the 
control apparatus of a base station can be configured to perform 
the synchronization processing by a first accuracy at a first 

5 cycle, when all of the plurality of cells is managed by the base 
station; and the transmission timing synchronization 
controlling unit of the control apparatus of a radio network 
controller can be configured to perform the synchronization 
processing by a second accuracy at a second cycle, when all of 

10 the plurality of cells is managed by the radio network 
controller . 



Brief Description of the Drawing 
15 FIG. 1 is a diagram for explaining the "UL/DL 

synchronization" function according to a prior art. 

FIG. 2 is a diagram showing an entire configuration of 
a radio communications system according to one embodiment of 
the present invention; 
20 FIG. 3 is a functional block diagram of a control apparatus 

of (a core network node, a radio network controller, or a base 
station) according to the embodiment of the present invention; 

FIG. 4 is a diagram showing an example of contents managed 
by a cell information managing unit of the control apparatus 
25 according to the embodiment of the present invention; and 

FIG. 5 is a flow chart showing an operation of the radio 
communications system according to the embodiment of the 
present invention . 

FIG. 6A is a diagram for explaining a transmission timing 
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synchronization control processing in the radio communications 
system according to the embodiment of the present invention. 

FIG. 6B is a diagram for explaining a transmission timing 
synchronization control processing in the radio communications 
5 system according to the embodiment of the present invention. 

FIG. 6C is a diagram for explaining a transmission timing 
synchronization control processing in the radio communications 
system according to the embodiment of the present invention. 

FIG. 7 is a diagram for explaining a transmission timing 
10 synchronization control processing in the radio communications 
system according to the embodiment of the present invention. 



Best: Mode for Carrying Out the Invention 
15 <A configuration of a radio communications system according to 
one embodiment of the present invention> 

Referring to FIGS. 2 to 4, a configuration of a radio 
communications system according to one embodiment of the 
present invention will be described. FIG. 2 is a diagram 
20 showing an entire configuration of the radio communications 
system according to this embodiment. 

The radio communications system according to this 
embodiment is a multicast communications system for 
transmitting same data to a plurality of cells via one or a 
25 plurality of base stations, and performing a soft combining or 
a selective combining on the same data received by a mobile 
station . 

As shown in FIG. 2, the radio communications system 
according to this embodiment includes a core network node 1, 



a plurality of radio network controllers 10 and 20, and a 
plurality of base stations 11, 12, 21 and 22. Here, cells "A" 
to K D" are managed by the upper control apparatuses (a core 
network node, a radio network controller and a base station) , 
respectively. For example, the core network node corresponds 
to an exchange apparatus SGSN (Serving GPRS Support Node) . 

For example, cells "A" and W B" are managed by the core 
network node 1, the radio network controller 10 and the base 
station 11. Cells M C" and "D" are managed by the core network 
node 1, the radio network controller 10 and the base station 
12. In other words, the core network node and the radio network 
controller which manage the cells "A" and W B" is same as the 
core network node and the radio network controller which manage 
the cells "C" and "D" . However, the base station which manages 
the cells >X A" and "B" is different from the base station which 
manages the cells "C" and "D". 

Similarly, cells "E" and "F" are managed by the core 
network node 1, the radio network controller 20 and the base 
station 21 . Therefore, the core network node which manages the 
cells "E" and "F" is same as the core network node which manages 
the cells "A" to "D" . However, the radio network controller 
and the base station which manage the cells "E" and "F" are 
different from the radio network controller and the base station 
which manage the cells "A" to "D". 

Here, a transmission timing synchronization processing 
on same data among a plurality of cells is performed by a control 
apparatus which manages all of the plurality of cells. 

For example, the transmission timing synchronization 
processing on same data between the cell "A" and the cell "B" 
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is performed by the base station 11, the radio network 
controller 10 or the core network node 1. The transmission 
timing synchronization processing on same data between the cell 
"B" and the cell "C" is performed by the radio network controller 
10 or the core network node 1. The transmission timing 
synchronization processing on same data between the cell "D" 
and the cell "F" is performed by the core network node 1 - 

Therefore, in the transmission timing synchronization 
processing on same data between the cell "A" and the cell "B" 
which is managed by the same base station 11, there is a lower 
possibility that loss of the transmission timing 
synchronization occurs and the accuracy of the transmission 
timing synchronization processing is higher, in comparison with 
the transmission timing synchronization processing on same data 
between the cell "B" and the cell "C" which is managed by 
different base stations . 

FIG. 3 is a functional block diagram of a control apparatus 
(the core network node, the radio network controller or the base 
station) 100 according to this embodiment. As shown in FIG. 
3, the control apparatus 100 according to this embodiment 
includes a cell information managing unit 100a and a 
transmission timing synchronization controlling unit 100b. 

The cell information managing unit 100a is configured to 
manage a base station, a radio network controller and a core 
network node which manage each of a plurality of cells. 

To be more specific, as shown in FIG. 4, the cell 
information managing unit 100a is configured to manage a "cell", 
a "base station", a "radio network controller", a "core network 
node" and an "identifier" in association with each other. 
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Here, the "identifier" shows a route of the same data. 
For example, the "identifier - 00000000" shows a route which 
transmits the same data to the cell "A" via the core network 
node 1, the radio network controller 10 and the base station 
5 11. In the "identifier", the first and second bits indicate 
the core network node 1 (00) , the third and fourth bits indicate 
the radio network controller 10 (00) , the fifth and sixth bits 
indicate the base station 11 (00) , and the seventh and eighth 
bits indicate the cell "A" (00) . 

10 The transmission timing synchronization controlling unit 

100b is configured to set up a cycle at which a transmission 
timing synchronization processing on the same data among the 
plurality of cells is performed, or an accuracy by which the 
transmission timing synchronization processing is performed, 

15 for each control apparatus (the core network node, the radio 
network controller or the base station) which performs the 
transmission timing synchronization processing. For example, 
the transmission timing synchronization controlling unit 100b 
can set up a different cycle at which the transmission timing 

20 synchronization processing, or a different accuracy by which 
the transmission timing synchronization processing is 
performed, for each control apparatus (the core network node, 
the radio network controller or the base station) which performs 
the transmission timing synchronization processing. 

25 

<An operation of the radio communications system according to 
the embodiment> 

Referring to FIG. 5, an operation for performing a 
transmission timing synchronization processing on the same data 
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among a plurality of cells in the radio communications system 
according to this embodiment will be described. 

As shown in FIG. 5, in step S1001, the radio communications 
system according to this embodiment determines a control 
apparatus which performs the transmission timing 
synchronization processing on the same data between cell #1 and 
cell #2, by referring to the cell information managing unit 100a 
of each control apparatus 100 . 

For example, in step S1002, as shown in FIG. 6A, the 
transmission timing synchronization controlling unit 100b of 
the base station 11 performs the transmission timing 
synchronization processing on the same data between cell #1 and 
cell #2 by a first accuracy at a first cycle, when the cell #1 
is the cell "A" and the cell #2 is the cell "B". 

To be more specific, the transmission timing 
synchronization controlling unit 100b of the base station 11 
performs the above transmission timing synchronization 
processing at a comparative long cycle (for example, at a cycle 
of 10 minutes with an error of less than 50 ms) . In other words, 
the transmission timing synchronization controlling unit 100b 
of the base station 11 measures a transmission delay time of 
a downlink between the base station 11 and the cell "A" and a 
transmission delay time of a downlink between the base station 
11 and the cell "B" by using the "UL/DL Node Synchronization" 
function as shown in FIG. 1, and determines a transmission 
timing for the cell "A" and a transmission timing for the cell 
"B" . 

The transmission timing synchronization controlling unit 
100b of the base station 11 performs the above transmission 
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timing synchronization processing by an accuracy for enabling 
the mobile stations to perform the soft combining on the same 
data (for example, an accuracy for falling a time difference 
between received information within 80 ms (348000 * 8 chips) ) . 
For example, as shown in FIG 7, the transmission timing 
synchronization controlling unit 100b of the base station 11 
is configured to determine the above transmission timing by a 
chip basis . 

On the other hand, in step S1003, as shown in FIG. 6B, 
the transmission timing synchronization controlling unit 100b 
of the radio network controller 10 performs the transmission 
timing synchronization processing on the same data between cell 
#1 and cell #2 by a second accuracy at a second cycle, when the 
cell #1 is the cell "B" and the cell #2 is the cell "C". 

To be more specific, the transmission timing 
synchronization controlling unit 100b of the radio network 
controller 10 performs the above transmission timing 
synchronization processing at a cycle shorter than the first 
cycle (for example, at a cycle of 1 minutes with an error of 
less than 10 ms) . In other words, the transmission timing 
synchronization controlling unit 100b of the radio network 
controller 10 measures a transmission delay time of a downlink 
between the radio network controller 10 and the base station 
11 and a transmission delay time of a downlink between the radio 
network controller 10 and the base station 12 by using the "UL/DL 
Node Synchronization" function as shown in FIG. 1, and 
determines a transmission timing for the base station 11 and 
a transmission timing for the base station 12 . 

The transmission timing synchronization controlling unit 



100b of the radio network controller 10 performs the above 
transmission timing synchronization processing by an accuracy 
for enabling the mobile stations to perform the selective 
combining on the same data (for example, an accuracy for falling 
5 a time difference between received information within 80 ms 
(348000 * 8 chips) ) . For example, as shown in FIG 7, the 
transmission timing synchronization controlling unit 100b of 
the radio network controller 10 is configured to determine the 
above transmission timing by a time slot basis. 

10 And, in step S1004 , as shown in FIG. 6C, the transmission 

timing synchronization controlling unit 100b of the core 
network node 1 performs the transmission timing synchronization 
processing on the same data between cell #1 and cell #2 by a 
third accuracy at a third cycle, when the cell #1 is the cell 

15 W D" and the cell #2 is the cell "E". 

To be more specific, the transmission timing 
synchronization controlling unit 100b of the core network node 
1 can perform the above transmission timing synchronization 
processing at a cycle shorter than the second cycle. In other 

20 words, the transmission timing synchronization controlling 
unit 100b of the core network node 1 measures a transmission 
delay time of a downlink between the core network node 1 and 
the radio network controller 10 and a transmission delay time 
of a downlink between the core network node 1 and the radio 

25 network controller 20 by using the "UL/DL Node Synchronization" 
function as shown in FIG. 1, and determines a transmission 
timing for the radio network controller 10 and a transmission 
timing for the radio network controller 20. 

For example, as shown in FIG. 6. the transmission timing 
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synchronization controlling unit 100b of the base station 11 
is configured to determine the above transmission timing by a 
frame basis. 

Since it is difficult to perform the above transmission 
timing synchronization processing by the accuracy for enabling 
the mobile stations to perform the soft combining or the 
selective combining on the same data when the same data is 
transmitted via different radio network controllers to the 
cells concerned, the core network node 1 can be configured not 
to perform the above transmission timing synchronization 
processing . 

For example, the same data is transmitted to the cell "A" , 
the cell "B", the cell "D" and the cell "E", the core network 
node 1 is configured to perform the transmission timing 
synchronization processing between each of the cell "A" , "B", 
"D" and the cell "E" , the radio network controller 10 is 
configured to perform the transmission timing synchronization 
processing between each of the cell "A", W B" and the cell "D", 
the base station 10 is configured to perform the transmission 
timing synchronization processing between the cell "A" and the 
cell tt B". 

< Functions and effects of the radio communications system 
according to the embodiment> 

The radio communications system according to this 
embodiment can solve the problem caused by the conventional 
radio communications system, so as to improve a reception 
quality of each mobile station, and to utilize radio resources 
effectively. 
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Additional advantages and modifications will readily 
occur to those skilled in the art . Therefore, the invention 
in its broader aspects is not limited to the specific details 
and the representative embodiment shown and described herein. 
5 Accordingly, various modifications may be made without 

departing from the scope of the general inventive concept as 
defined by the appended claims and their equivalents . 



Industrial Applicability 

10 The present invention can provide a radio communications 

system and a control apparatus which can improve a reception 
quality of mobile stations and utilize radio resources 
effectively, by resolving the problem caused when the 
conventional radio communications system performs multicast 

15 communications . 



